Stimulatory effects of retinoic acid on macrophage interaction with blood forms of Trypanosoma cruzi: involvement of transglutaminase activity.
The effects of retinoic acid (RA; vitamin A acid) on macrophage function were investigated by measuring the capacities of mouse peritoneal macrophages to associate with (i.e., bind and internalize) and kill the unicellular parasite Trypanosoma cruzi. The presence of 10(-8) to 10(-6) M RA in co-cultures of macrophages and blood forms of the parasite markedly increased their interaction as evidenced by significant increases in both the percentage of phagocytes associating with parasites and the average number of parasites per 100 cells. A similar effect was produced when either the macrophages or the trypanosomes were pretreated with RA, suggesting that both cell types could contribute to the noted effect. Although RA might have enhanced parasite-macrophage association by binding to both, its ability to stimulate phagocytosis was independently evidenced by a significant increase in the uptake of latex particles. RA-treated macrophages also took up larger numbers of dead T cruzi, denoting that parasite viability (i.e., infectivity) was not necessary for the production of the RA effect. The minimum pretreatment time for RA to significantly stimulate macrophage association with T. cruzi was 30 min, although a 45-min pretreatment was necessary for a maximal effect to be seen under our experimental conditions. The RA effect was reversible because, once optimally induced, it remained demonstrable for only 30 to 60 min after removal of the reagent; however, the effect persisted for at least 3 hr if RA was not removed. Transglutaminase activity appeared to be involved in the RA effect, because the latter was abrogated when the macrophages were treated with RA in the presence of cystamine, methylamine, or monodansylcadaverine, all of which inhibit transglutaminase activity by different mechanisms. RA also increased the capacity of macrophages to kill parasites internalized before the treatment. This cytotoxic capacity was inhibited by catalase, indicating that H2O2 played a role in the killing mechanism. RA treatment significantly increased the proportion of macrophages capable of reducing nitroblue tetrazolium. The present results indicated that RA was capable of activating macrophages, leading to greater uptake and killing of a protozoan parasite.